Method of word count: Method 1 Total length of paper 6213 words Word count Main text Equations References Table  Table 1  Table 2  Table 3  Figures Figure 1 Measurements of inwardly propagating explosion flame kernels enable burning velocities to be measured close to the safe working pressure of the explosion bomb. This implosion technique, with ignition at diametrically opposite spark electrodes has been employed to measure both laminar [1] and, in a fanstirred bomb, turbulent [2] burning velocities. In the latter, pressure measurements and schlieren high speed flame photography define the smoothed area of the turbulent flame front and the mass rate of burning during the implosions, to yield associated values of turbulent burning velocity, t u .
Over a wide range of conditions the ratio of t u , to the effective rms turbulent velocity, k u , that allows for the development of the flame kernel, can be expressed in terms of the Karlovitz stretch factor, K, by [2, 3] :
(1) α and β are constants expressed by first order expressions in terms of the strain rate Markstein number, ,Ma sr . K is given by [3] :
where u is the measured rms turbulent velocity and l R the turbulent Reynolds number,  l u , with l the integral turbulence length scale and  the kinematic viscosity.
The study has two principal aims. The first is to measure t u with five additional and contrasting fuels at different pressures and equivalence ratios, , to ascertain whether Eq. (1) is generally applicable. The range of Ma sr values is extended from -11 to 3 in [2] to -23 to 5. This parameter is important, in that it expresses fuel effects arising from flame stretch sensitivities. The maximum laminar flame speed has been similarly used as a correlating parameter in [4] . The second aim is to study the regime of K < 0.1, in which there is strong evidence of coupling between turbulence and laminar flame instabilities, giving increased values of U [5, 6] . The fuels in [2] and [3] were ethanol and propane and in the present study, hydrogen, methane, toluene and i-octane, up to a maximum pressure of 3.5 MPa and 480K.
Experimental method
Key dimensions are represented for the propagating flame kernels on Fig. 1 . Turbulent flame surfaces are represented by smoothed spherical surfaces, with the mass of unburned gas within the surface equal to the mass of burned gas outside it. The surface is defined in relation to the schlieren front. The centre of the curvature of the smoothed flame front, flame radius, r, is usually outside the inner wall of the spherical bomb. The complete analysis leading to the derivation of t u , assumed to be the same for both kernels, is given in [2] . The mass burned, m u , is deduced from the flame front geometry. This must be compatible with that deduced from the measured In its early stages the flame is only wrinkled by the smaller wavelengths of the turbulent spectrum, with an effective rms at the flame front of k u [3] , with u u k   found from integration of the turbulent power spectral density function between the limiting wave numbers [7] . Rapid compression of unburned gas decreases the length scale below the initial value and conservation of angular momentum increases k u [8] .
Allowances were made for these, as well as the small effect of the changes in l and u , on values of K [3] .
Electric heaters at the wall provided up to 6 kW for preheating the vessel and mixture up to 358K, measured by a thermocouple. Gaseous mixtures were made directly in the bomb using partial pressures, whilst liquid fuels were metered and introduced using a syringe. Complete evaporation was checked from partial pressures. Pressures were measured with a Kistler pressure transducer. Ignitions occurred simultaneously at two diametrically opposite spark plugs, with spark gaps 11 mm from the inside wall,
with energies of about 23 mJ. Flame front propagations were observed by schlieren photography, using a high speed, Phantom digital camera, synchronised with the pressure measurements.
The camera had 256 Megabytes integral image memory and framing rates of 6,300 and 9,000 frames/s with pixels of 480  480 and 384  384 and respective resolutions of 0.3986 and 0.4065 mm/pixel.
Further details are in [2, 9] .
Experimental results
Experimental conditions are summarised in Fig. 7 values from planar fluorescence measurements in [16] , are listed in Table 3 . It is readily shown that:
In [16, 17] l G is given by:
From Eqs. (6) and (7)   
The wavelength ratio As K increases further, U declines, as the wrinkling from the growing turbulence wavelengths associated with increase in u , dominates the flame wrinkling, with eradication of the influence of the original instability wavelength. Table 3 [19, 20] and plotted [21] . Similarly, in the present work these effects terminated at
previously observed experimentally in [22] .
Conclusions
The correlation of turbulent burning velocities has been extended to cover 7 fuels at different equivalence ratios, Ma sr down to -23, and pressures up to 3.5 MPa. In Fig. 8 additional factor is that a decrease in Ma sr appears to be associated with an increase in the extinction stretch rate [21] .
Zone C is that in which K > K 0.8 . Here, as flame quenching develops, flame fronts begin to loose their coherence and measurements of u t become progressively more difficult. 
